Precise gestational age (GA) is critical in prenatal care and is important in reducing maternal and perinatal mortality and morbidity. Clinical methods of estimating GA are the woman's last menstrual period (LMP), fundal height, and Delee's or quickening test. However, these methods are unreliable and imprecise for various reasons 1-3 and also depend on indirect measurement of the fetus.
This study investigated the relationship between fetal liver volume (FLV) and gestational age (GA) in Nigerian subjects using 2D sonography. Fetal liver volume measurements were obtained from 900 normal singleton fetuses between 15 and 41 weeks GA (mean = 28 weeks). The FLV was computed from anterior-posterior, sagittal, and transverse dimensions of the fetal liver by assuming the liver to be a pyramidal structure. The mean FLV obtained ranged from 4.14 ± 0 cm 3 at 15 weeks to 76.88 ± 7.58 cm 3 at 40 weeks and 79.45 ± 9.32 cm 3 at 41 weeks. A simple regression analysis showed a positive linear relationship between GA and FLV (r = 0.98), which is described by the equation FLV = 53.53 + 3.246 GA. A strong positive correlation was also noted between FLV and biparietal diameter (BPD; r = 0.968), FLV and head circumference (r = 0.960), FLV and abdominal circumference (r = 0.901), and FLV and fetal weight (r = 0.979). Z test analysis showed no significant difference between GA estimated by FLV and GA estimated by BPD or femur length (α = 0.01). The use of FLV determined by 2D sonography has been shown to be accurate in dating pregnancy, and its use in a multiparameter biometry should improve the precision in predicting the expected date of delivery.
Sonographic estimate of the due date has the superiority of providing direct measurements of the fetus and fetal parts, thus enabling more accurate and reliable information to be obtained, especially if done early in pregnancy. The biometric parameters more regularly in use are the gestational sac diameter (GSD), crown rump length (CRL), biparietal diameter (BPD), femur length (FL), head circumference (HC), and abdominal circumference (AC). Marked variations, however, occur in the accuracy of these biometric parameters. The accuracy depends on the biometric parameter employed and the stage of pregnancy. A discrepancy of up to four to five weeks has been found in the use of BPD for estimating the due date, particularly in the third trimester, 2, 4 and this has critical implications for the survival of a baby that has to be delivered early because of some antenatal complications. Attempts to improve on accuracy have led to the use of multiple parameters in GA estimation and the continued quest for others.
Several authors have investigated the relationship between fetal liver volume (FLV) and GA using other imaging modalities such as computed tomography (CT), magnetic resonance imaging (MRI), and 3D sonography in Caucasian subjects. 5, 6 This study investigates the relationship between FLV and GA in Nigerian fetuses using 2D sonography.
Patients and Methods
The FLV of 900 normal singleton fetuses between 15 and 41 weeks was measured prospectively between September 2005 and August 2006. Subjects who came for a routine obstetric scan within the study period were included if (a) there was no history of prolonged maternal smoking and maternal illness such as diabetes, cardiac disease, and preeclampsia, and (b) the fetus was normal based on biophysical profile, normal placenta, and adequate amniotic fluid volume.
The scanning was done using either a Sonoline 13000 linear-array scanner with a 3.0-MHz probe or a Sonoline Lx linear-array scanner equipped with 3.5-MHz probe (both manufactured by Siemens, Erlangen, Germany) or a Sonoace 3200 curvilinear probe with a 3.5-MHz probe (manufactured by Medison, Cypress, CA). Images were obtained with the patient supine on the examination table. The FLV was computed from the anterior-posterior (AP), longitudinal, and transverse dimensions of the fetal liver. The AP and sagittal measurements were made on the sagittal section of the fetal abdomen showing the fetal heart, stomach, liver, spine, and urinary bladder on the same plane. The AP measurement was made from the anterior edge of the liver to the anterior border of the stomach, and the sagittal measurement (length) was taken as the longest dimension of the liver perpendicular to the diaphragm ( Figure 1A) . The transverse measurements were made on transverse sections of the fetal abdomen, obtained at the level of the liver where the umbilical vein was entirely within the liver and the section showing the stomach, liver, and spine on the same plane. The transverse dimension was then taken as the largest dimension of the liver parallel to the stomach ( Figure 1B) . The FLV was then computed by assuming the liver to be an oblique pyramidal structure using the following equation: volume = 1/3 A × H, where A = area of base, and H = height of the sagittal dimension.
The BPD, FL, HC, and AC were also measured and recorded for each fetus. Fetal gestational age was determined using BPD/FL from normograms provided by Hadlock et al 7 and Warda et al. 8 The least squares method was used to establish a relationship between FLV and GA, and the strength of its relationship was tested by Pearson moment correlation analysis.
Results
A strong positive correlation was noted between FLV and GA (r = 0.98; see also Table 1 ). Fetal liver size and volume were noted to increase with advancing pregnancy. Regression analysis showed the relationship as follows: FLV = 53.53 + 3.246 GA (see Table 2 ). The mean FLV ranged from 4.14 ± 0 cm 3 at 15 weeks to 76.88 ± 7.58 cm 3 at 40 weeks and 79.45 ± 9.32 cm 3 at 41 weeks. The increase in FLV was greatest in the period from 24 to 26 weeks (6.94 cm 3 per week), 30 to 32 weeks (5.85 cm 3 per week), and 36 to 38 weeks (6.07 cm 3 per week). There was also strong positive correlation between FLV and BPD (r = 0.968), FL (r = 0.98), HC (r = 0.96), AC (r = 0.90), and fetal weight (r = 0.98).
No statistically significant difference was noted between GA estimated by FLV in this study and that estimated by BPD/FL using the normograms by Hadlock et al 7 
Discussion
Fetal liver size and volume measured for 900 normal singleton fetuses at 15 to 41 weeks GA showed an increase with advancing pregnancy. The increase of FLV with GA can be attributed to maturation of liver function and accumulation of glycogen and other storage substances. The strong positive correlation between FLV and GA (r = 0.98) agrees with the work of Baker et al, 6 Laudy et al, 9 and Yoon et al. 10 The marginal increase in FLV was most significant in the periods from 24 to 26 weeks, 30 to 32 weeks, and 36 to 38 weeks. The significant growth rate of the FLV noted in late pregnancy would make it a preferred biometric parameter in cases of early engagement and dolicocephalic fetuses, where the BPD is known to be unreliable.
The length of the liver obtained in this study is larger than those obtained by Vintzileos et al 11 in Caucasian subjects. At 20 weeks' gestation, the FLV obtained by this study (9.57 ± 1.14 cm 3 ) did not differ significantly from that obtained by Laudy et al 9 (FLV = 8 cm 3 ), who used 3D sonography, implying that 2D is also reliable in estimating the fetal liver. However, this finding varies from that of Laudy et al, 9 whose FLV value of 116 cm 3 at 38 weeks differed significantly from 74.75 ± 5.91 cm The fact that FLV correlated positively with FL, HC, AC, and fetal weight and the GA estimated by FLV in this study did not differ significantly from GA estimated using BPD/FL normograms (P > .01) implies that FLV can be used for predicting GA. The values of FLV obtained by this study can be taken as the population-specific normogram for the locality.
Because the fetal liver occupies about two thirds of the fetal abdomen and contributes a great percentage to the fetal weight, the values of FLV obtained at various GA can be used to assess growth-restricted fetuses, as noted by Chang et al. 12 This is particularly important in Nigeria, as there is evidence that a high proportion of growth restriction in utero is due to malnutrition. 13 
Summary
This study has produced a normogram of FLV using 2D sonography that is as reliable as 3D sonography, which can be used to predict GA with accuracies comparable to other known biometric parameters. Its use in a multiparameter GA determination will increase precision in fetal dating, particularly in early engagement and dolicocephalic fetuses, where BPD may be unreliable. 
